In vivo optogenetic stimulation of neocortical excitatory neurons drives brain-state-dependent inhibition.
Synaptic interactions between excitatory and inhibitory neocortical neurons are important for mammalian sensory perception. Synaptic transmission between identified neurons within neocortical microcircuits has mainly been studied in brain slice preparations in vitro. Here, we investigate brain-state-dependent neocortical synaptic interactions in vivo by combining the specificity of optogenetic stimulation with the precision of whole-cell recordings from postsynaptic excitatory glutamatergic neurons and GFP-labeled inhibitory GABAergic neurons targeted through two-photon microscopy. Channelrhodopsin-2 (ChR2) stimulation of excitatory layer 2/3 barrel cortex neurons evoked larger and faster depolarizing postsynaptic potentials and more synaptically driven action potentials in fast-spiking (FS) GABAergic neurons compared to both non-fast-spiking (NFS) GABAergic neurons and postsynaptic excitatory pyramidal neurons located within the same neocortical microcircuit. The number of action potentials evoked in ChR2-expressing neurons showed low trial-to-trial variability, but postsynaptic responses varied strongly with near-linear dependence upon spontaneously driven changes in prestimulus membrane potential. Postsynaptic responses in excitatory neurons had reversal potentials, which were hyperpolarized relative to action potential threshold and were therefore inhibitory. Reversal potentials measured in postsynaptic GABAergic neurons were close to action potential threshold. Postsynaptic inhibitory neurons preferentially fired synaptically driven action potentials from spontaneously depolarized network states, with stronger state-dependent modulation in NFS GABAergic neurons compared to FS GABAergic neurons. Inhibitory neurons appear to dominate neocortical microcircuit function, receiving stronger local excitatory synaptic input and firing more action potentials compared to excitatory neurons. In mouse layer 2/3 barrel cortex, we propose that strong state-dependent recruitment of inhibitory neurons drives competition among excitatory neurons enforcing sparse coding.